Introduction
Mobile robot control system generally consists of the path planning and control section and trajectory tracking control section, and the task of is to achieve the continuity of these two parts together. The mobile robot first automatically generates a surrounding environment a collision-free path, and then according to the control requirements, we can control the robot along the desired trajectory established to complete the tasks by the trajectory tracking controller. In recent years, the swarm intelligence algorithm has attracted concern of many scholars and researchers, and some scholars have begun to apply intelligent algorithm into mobile robot path planning and trajectory tracking control [1 -2] , which has offered an ideal method for problems of solving mobile robot path planning and trajectory tracking. In this section, we conduct researches on the working process of mobile robot system, including the path planning and trajectory control based on quantum particle swarm and its improved algorithms. First, considering the working environment of the mobile robot, we use a binary encoding QPSO algorithm to design a whole collision-free path, and then we use the improved QPSO algorithm to combine the Inverse Design and sliding mode control method to design the tracking controller to realize the desired trajectory tracking control.
Structure of Mobile Robot Control System
Mobile robot control system consists of a path planning controller and a trajectory tracking controller. The structure is shown in Figure 1 .
Fig.1 Control System of the Mobile Robot
The model for the path planning algorithm in this paper is based on the combination of binary encoding QPSO algorithm and the grid technology, and the trajectory tracking control model is achieved based on weights operator QPSO algorithm inversion tracking controller and sliding mode tracking controller. In a robot control system, we firstly use the path planning controller to design the overall path plan for the system workspace, finding a most appropriate collision-free path from start to end and then generating a tracking trajectory. With the adoption of the WQPSO algorithm, we can design a better trajectory tracking controller to achieve good tracking performance.
3. Quantum-behaved particle swarm optimization algorithm
Basic PSO and Its Improved Algorithms
The particle swarm optimization algorithm is proposed by Kennedy and Eberhart in 1995 [3] . The particle swarm optimization algorithm is originated from the study of biological communities, from which we can conclude that in the groups, individuals (particles), through searching for the multi-dimensional space, can evaluate themselves of their in each round of iteration of their target location information (fitness) in the whole process, and the particles share the information of their "best" location, and then with their memories of adjusting their own speed and location continually, we can ultimately find the optimal solution or a local optimal solution.
In the model of the elementary particle swarm optimization, each individual in the D-dimensional space is regarded to be of no space, the location and the speed of the particle i in representing the speed and the location of the basic PSO algorithm can be updated to be the function as follow:
where,
， t refers to the t -th time iteration, 1 c and 2 c the studying factors, while the modulation particle 1 c fly to the step on its direction of its own best position, 2 c fly to the step on its direction of the global optimum location. 1 r and 2 r are unrelated random numbers in the range of   1 , 0 . In order to reduce the probability of the particles in the search process of exiting the search space, we have to limit the flying speed of the particles within a certain range,
, the location of the particles should be restricted in the researching space,
is the best previous position pbest of the particle i (this position gives a most fitness value), the vector
is the best location named gbes of all particles t.
Sine the proposal of the PSO algorithm in 1995, many improved algorithms are raised on such basis, among which, inertia weight algorithm d [4] and compression factor algorithm [5] are of better improved effects.
Quantum-based Particle Swarm Optimization (QPSO algorithm)
Jun Sun et al [6] thought that in the basic PSO and its improved algorithm, for pbest and the random numbers are constant, they are of the linear method. The individual thinking method of the biological community is much more complicated than function (1) and (2) . In fact, the individual thinking is uncertain. To a large extent, it is just like the particle quantum behavior. Therefore, applying the quantum theory to the particle swarm optimization algorithm, we propose a quantum particle swarm optimization (QPSO). The experimental results show that QPSO algorithm is superior to the basic PSO algorithm in several benchmark functions.
In the QPSO algorithm, the particle information of velocity and position boils down to one parameter, and the algorithm functions are as follow:
where, 1  and 2  are random numbers generated in the range of（0，1）， i p is the pbest of particle i , and g p the gbest . mbest is the median of the optimized location,  the coefficient creativity, x(t) the particle information of the related location, M the number of particles contained in the population, u the random number between（0，1）. In the process of the iteration, the sign  is decided by the random number generated from the range（0，1）:When the generated random number is greater than 0.5, take -; otherwise take +. Quantum-behaved particle swarm optimization algorithm shows its superiority in function test [7] , filter design [8] , image processing [9] , authentication [10] and H∞ control [11] .
Simulation of Mobile Robot Path Planning Based on BQPSO Algorithm

.1 BPSO Algorithm
Mobile robot path planning in this paper can be concluded as a searching problem in a discrete space. By using the grid method for modeling the search space, we can adapt the quantum particle swarm algorithm to practical problems in the discrete space searching. Inspired by the BPSO algorithm, Sun Jun et al [ 12] have introduced a the concept of binary coding in quantum-behaved particle swarm algorithm, and proposed a binary coding quantum-behaved particle swarm algorithm. Xi Maolong [13] analysis the iterative equation BQPSO in a detail, and verified the BQPSO algorithm o f its convergence.
Simulation and Analysis for Path Planning
In the computer simulation, the mobile robot's workspace is set to be in a 16 16  grid net, 13 of which are static obstacles grids with a T arrangement, which is shown in Figure 2 . (1, 1) , and ending point (16, 12) . When the BQPSO algorithm is executed to 212th generation, the optimal value of the group will stop evolving. Thus the optimal value of the record individual is 0011 0011 0011 0011 0011 0001 0001 0001 0001 0011 0011 0011 0011 0011 0011. We can find there are totally 16 grid points, the length is 2 11 4  . Figure 3 shows the corresponding moving path of the mobile robot. 
WQPSO Algorithm
In the evolutionary algorithm, the choice of algorithm parameters has a great impact on the performance of the algorithm. If the parameter settings are appropriate, the performance of the algorithm will then be enhanced, otherwise the inappropriate choice will reduce the performance of the algorithm. According to function (3) and (4), we can find i p refers to the attracting point in the particle swarm, mbest has a best average optimal position among the entire group. The value of mbest in the search process will affect the search behavior of the particle groups, which plays an important role in determining the particle groups search direction. By the formula (4), we can find that the value is calculated by the average of the local optimum values of all particles, each particle weight coefficient in the value 1,which in decision makings, while not all are of equal decision-making rights. In this condition, the evolutionary process for analyzing the actual smart groups is actually the behavior of the group is the collective performance of each individual behavior, but each individual in a group of collective decision-making is not the right to occupy the same decision-making, often good individual (dominant individual) occupies a larger decision-making weight in the decision-making process on the choice of the groups collective behavior, while a poor individual (inferior individuals) in the possession of small group is with a smaller ratio. This situation is actually in consistent with the evolutionary process of the smart groups, an in such condition, we can quickly guide the group to the optimal solution approach, and finally find out the optimal solution. Therefore, function (4) can be rewritten as follow:
where, i a refers to the weight coefficient, which is the weight value of each particle in the decision-making process of the collective behavior, the coefficient of local optimal values of each particle in the process of mbest value calculation. The dominant individual should enjoy a larger weight coefficient, while the disadvantage of individual is of a smaller weighting coefficient. The introduction of i a is in line with the evolution of the decision-making process for the group, which will improve the overall performance of the QPSO algorithm. Here we will call the improved the algorithm as the Weighted quantum particle swarm algorithm (Weighted QPSO, WQPSO).
Description of problems in Wheeled Mobile Robot Trajectory Tracking
According to the Kinematic model of wheeled mobile robots, we can set that then robot actual 
（9）
The trajectory tracking problem is actually based on the mobile robot pose error by the speed of the mobile robot tracking controller to adjust the tracking position and posture to reduce the pose error, and then to achieve the purpose of tracking desired trajectory. According to the wheeled robot pose error and referential input, we can then obtain the control input. And then with the use of the robot speed and the tracking controller, we can finally control the robot of its final position and orientation. The target of the mobile robot trajectory tracking is to make the robot be able to fast it from the initial position and the trajectory track consistent, as to devalue e x and e y if possible. In permitting application, the linear velocity v of mobile robot, and not be a very large one. Therefore, we have to set the WQPSO algorithm as a fit as the following function (10)
Simulation and Analysis of the Trajectory Tracking
Set the trajectory expression of the mobile robot is the track of the function (6) . The inversion tracking controller designed in this paper is as shown in function (10) [14] [15] , and synovial tracking controller using exponential reaching law, together with the power rate reaching law method, and the design of the controller is shown as the function (11) . With the WQPSO algorithm, we can then optimize the parameters of the tracking controller, which refers to 1 In WQPSO algorithm, the value of the control parameters  can be obtained with the application of a linear decreasing method. Set the starting value is 1.0, the terminating value 0.5, the weighting coefficient0.5. the value of the the weight coefficient i a will be obtained with the linear decreasing method according to the quality of the adaptive value, in which the starting value is 1.5, the terminating value 0.5, and the weight coefficient with the best adaption 1.5 while the one with the worst adaption 0.5. Set the number of the evolution in the algorithm is 50, the expression of the objective is as the function (10). Table 1 shows parameters and objective function values of the two controllers based on WQPSO algorithm, and the results show that both of the two are able to achieve the goal of optimization. Figure 5 shows the inversion tracking performance of the tracking controller and sliding mode tracking controller for mobile robot based on WQPSO algorithm. Simulation results show that the inversion tracking controller and sliding mode tracking controller based on the WQPSO algorithm can help realize the trajectory tracking of the mobile robot. According to objective function, we can find that the tracking effect of mobile robot function based on inversion tracking controller is better than the tracking sliding mode tracking controller. Figure 5 (A) and 5 (B) are tracking simulation diagrams which illustrate this conclusion. Figure 6 shows the tracking error of the dynamic trajectory. Comparing figure 6 (A) and 6 (B), the error of the sliding mode tracking controller is smaller than the inversion tracking controller, but the track of the inversion trajectory and the converging speed of the tracking controller is much faster than the tracking error of the sliding trajectory controller. Figure 7 shows linear and angular velocities of the robot trajectory control. Comparing figure 7 (A) and 7 (B,), the angular velocity changes in the value of the sliding mode tracking controller is less than the inversion of the tracking controller, and the maximum angular velocity of inversion trajectory of the tracking controller is 12rad /s, while the The value of the sliding model controller is 5rad / s. Figure 8 is the tracking position and orientation angle of the trajectory control. Comparing figure 8 (A) and 8 (B), change value of the pose angle of the sliding mode tracking controller is less than the inversion tracking controller, and the greatest change of inversion tracking controller in angle is 1.81rad while the one for sliding tracking controller is 1.47 rad.
The simulation results show that the trajectory tracking controller based on WQPSO algorithm can better implement the mobile robot trajectory tracking.
Conclusion
Binary encoding QPSO algorithm combined with grid method for mobile robot of its path planning is adopted in this paper, together with t inversion tracking controller and sliding mode tracking controller based on the QPSO algorithm with weights, we then design the path for tracking control. According to the results analysis, we can find that the simulation experiments have verified the feasibility and effectiveness of design of planning the path of the trajectory tracking based on operator sub-QPSO algorithm, as well as provided a new approach for mobile robot path planning and trajectory tracking.
